The distribution of Clostridium botulinum in the natural environments of Denmark, the Faroe Islands, Iceland, Greenland, and Bangladesh was examined. A total of 684 samples were tested. Type E was found in 90% of samples from the aquatic environment of Denmark, including sediments from young artificial lakes, and in 86% of samples from the marine environment of Greenland. Type E was not found in Danish cultivated soil and woodlands, including cultivated soil from reclaimed sea beds, but type B was frequently demonstrated in these environments. C. botulinum types A, B, or E were found in 2.6% of samples from the environments of the Faroe Islands and Iceland, whereas types C or D were demonstrated in 42% of samples from Bangladesh. The incidence of type E in aquatic sediments was not related to general industrial pollution or a high content of rotting vegetation. Fish or a rich aquatic fauna, on the other hand, appeared to contribute to a high incidence of type E. Based on these findings, it is suggested that type E is a true aquatic organism, because this environment offers the best conditions for survival of the spore in nature. It is further suggested that its presence in aquatic bottom deposits is based on sedimentation after proliferation in the carrion of the aquatic fauna and dissemination by water currents and migrating fish.
The geographical distribution of Clostridium botulinum has been extensively studied, as reviewed by Hobbs (9) and others (6, 8, 12, 28) . In spite of this, the factors governing the distribution of spores in nature are still poorly understood. Thus, Riemann (26) stated that "the ecological niche of C. botulinum is still unknown."
In the work reported here, the incidence and distribution of C. botulinum in the soil, freshwater sediments, and marine environments of Denmark, the Faroe Islands, Iceland, Greenland, and Bangladesh have been examined. Sampling sites were selected to investigate possible relationships among the incidence of C. botulinum and geographical position, geological and agricultural history, certain types of industrial pollution, oceanography, season, and type of sea bed.
MATERIALS AND METHODS Samples. Samples of soil and sediments were collected by using a bottom collector (van Heen type) or a clean metal spoon on positions as indicated in the tables. At Danish marine sampling stations, Ml through M8, representing areas with various degrees of industrial pollution, samples were collected at monthly intervals in the period from April to Decem- ber; all other samples were collected on only one occasion. Each sample, consisting of approximately 500 g of soil or sediment, was aseptically transferred to sterile plastic containers and kept frozen or chilled (below 2°C) until examination.
Examination of samples. Most samples were examined by preparing five cultures, each consisting of 10 g of sample material inoculated into approximately 100 ml of freshly prepared reinforced clostridial medium (Oxoid Ltd.). Trypsin (0.1%; 1:250; Difco Laboratories) was added to the medium as a prophylactic measure to overcome any problem related to the possible presence of antagonistic organisms (15) . Samples taken at Danish marine sampling stations Ml through M7 (Table 1) were also examined in smaller sample sizes (multiples of 10, 1, or 0.1 g) with and without trypsin added to the medium.
After an incubation period of 5 to 6 days at 30°C, cells and debris were removed by centrifugation at 15,000 rpm for 30 min. Cultures not containing trypsin in the enrichment medium were treated by mixing equal volumes of the culture supernatant and 1% trypsin (1:250, Difco) dissolved in gelatin-phosphate buffer (pH 6.2), followed by incubation of the mixture at 37°C for 1 h. Tests for the presence of toxin in the enrichment cultures were made by inoculating a pair of mice intraperitoneally with 0.5 ml of the sample. The mice were observed for symptoms of botulism over a period of 48 h. Toxin neutralization tests were carried out on selected samples by using mixtures of monovalent C. botulinum antisera obtained from the Institut Pasteur, Paris. No attempt was made to distinguish between types C and D. Positive samples having toxin titers of only 2 minimal lethal doses (MLD) per ml and thus making typing impossible were designated nonspecific.
Quantitative examinations of sediments were done by the five-tube most probable number method. Each appropriate dilution was inoculated into five tubes of reinforced clostridial medium; after incubation, each tube was tested for type E toxin.
To express the content of organic material, ignition loss was estimated according to the "Limnologisk Metodik" (20) . (Table 3) . Thus, 100% of all subcultures from these localities was positive, and a most probable number count of 24,000 spores/100 g was recorded in one random sample. The organism was also found extensively in west coast tidal areas and in sediments from the open sea (the North Sea, the Cattegat, and the Baltic). Only in sediments taken very close to the shore line on open sandy beaches were C. botulinum found less frequently.
(ii) Incidence in relation to industrial pollution. Results of the industrial pollution survey are shown in Table 1 . C. botulinum were detected in all 150 samples examined. Thus, the organism was present in sediments from Danish coastal waters whether there was any industrial pollution in the area or not.
The pollution at the various sampling stations was demonstrated by a very high ignition loss in some sediments. At stations M2 and M5, effluents from sugar refineries contained high levels of carbohydrates in the water (up to 7 mg/ liter). However, only 56% of 1-g subcultures of b Does not include cultures of less than 10-g portions (see Table 1 ).
'Toxic samples having titers of only 2 MLD/ml, and thus making typing impossible, are designated NS for nonspecific.
d Soil samples from coastal land and specially selected areas (Table 3) are not included.
sediment. The greatest concentration of spores was found in sediment from the K0ge Bay in the sound. Freshwater sediments. All 52 sediment samples taken in five natural lakes in Denmark carried C. botulinum; 77% of the 10-g portions contained the organism (Table 3) .
The geological origin of the natural lakes examined in this survey is holes after "dead ice" or tunnel valleys. They have therefore existed as aquatic environment since the last glacial period. All the lakes are of the eutrophic type, with a rich and varied flora and fauna.
The concentration of C. botulinum was significantly lower in sediments from small artificial ponds where no fish were present. Only 50% of the sediments and 30% of the cultures from these sediments contained the organism (Table 3) . These ponds, which were established 50 to 100 years ago, are very shallow and occasionally dry in hot summer periods. The bottom deposits consist of black muds and large amounts of rotting leaves and other plant material. Sediments from three artificial ponds containing fish also were examined (Table 3) . Type E was detected in all 30 cultures from two of these; both were park lakes, established about 70 years ago. Many park ducks from one of the lakes had died from type C botulism (J. Muller, personal communication), but no type C was detected in sediments by our method of examination.
The fauna in the third artificial lake was extensively examined (31) . This 30-hectare lake was established only 5 years ago and was divided into two basins. The catchment basin collects rain water drainage from a large urban area. The water flows through a channel from there to the second basin and leaves the lake via a small natural stream. Most sedimentation, including pollutants, such as heavy metals carried with the rain water, takes place in the catchment basin. Probably as a result of this, the fauna in the catchment basin is poor, but it is rich and varied in the second basin. The incidence of C. botulinum varied significantly between the two basins; 29% of the subcultures from sediments from the catchment basin and 66% of the cultures from the second basin harbored the organism.
Strains of C. botulinum found in Danish freshwater sediments were mostly type E and occasionally type B. Many cultures had low toxin titers, making typing difficult.
In freshwater sediments from the Faroe Islands, type E was found in 1 sample of 29, and in Icelandic sediments types A and E were demonstrated in 2 of 40 (Table 2) . Thus, C. botulinum do not commonly occur in these islands. In contrast, 42% of the samples from Bangladesh contained C. botulinum; only types C or D were found.
Soil. C. botulinum were not detected in 21 soil samples from Danish woodlands (Table 3) , but 14 of 47 samples (30%) from cultivated farmland harbored the organism. Type E was noticeably absent from these samples; type B predominated. Many cultures had very low toxin titers, making typing difficult. Five randomly selected (27) , few of them contained type E (2.7%). Cann et al. (2) found no type E, and 3.5% of sediment samples from British coastal waters contained type B.
In contrast, our results suggest a high incidence of type E in sediments from the arctic waters around Greenland. A high incidence of type E has also been demonstrated in deposits from the cold waters surrounding Canada (18, 19) and Alaska (22) . In the tropical environment of Bangladesh, however, only types C or D could be demonstrated. This is in agreement with earlier work (23, 30) showing that type C predominates in these climatic zones.
The presence of C. botulinum in Danish soil has long been known (21) , and Pedersen (25) demonstrated the presence of type E in the marine environment. The data presented in this work, supplementing those of other surveys (5, 13) , show that the incidence of type E in the Scandinavian aquatic environment is among the highest in the world.
The high incidence of type E in the Danish aquatic environment contrasts sharply with the very rare occurrence in dry soil samples, in which only type B was demonstrated. Similar observations have been made by Bott et al. (1), who examined the ecosystem of the Great Lakes in the United States, and in a number of other surveys (14, 16, 17, 22) . Only Johannsen (13) has reported a high incidence (28%) of type E in a limited number of Swedish soil samples. He claimed that type E was a terrestrial organism, but our results and the data cited on distribution of type E do not support this thesis. We have furthermore demonstrated that type E gradually disappears when marine areas heavily contaminated with this organism have dried up. The longest survival of type E spores (100 years or more) was observed when the area was left untouched and where little or no vegetation developed. Where farming or forestation developed, type E was replaced by type B. The reason why type E spores do not survive under these circumstances is not known.
The concept of type E being a terrestrial organism has been used to explain the high incidence of type E in the aquatic environments of North America, Scandinavia, and Japan as a result of terrigenous sedimentation after discharge of water from large land masses (7, 9, 13, 14, 19) . This thesis cannot be supported by our data. We found some of the highest concentrations of type E spores in landlocked Danish fiords and areas with very little hinterland. However, we did not find any type E in samples from Bangladesh and in sediments from the Ganges (10, 13) . It is probable, therefore, that in cases of natural death of fish and other marine organisms at a time when the surrounding temperature permits the growth of C. botulinum type E, increased numbers of spores will be present in the environment. Mass mortality of fish and benthic fauna occurs frequently in areas characterized by shallow water with little wave action, a soft muddy sea bed, and great differences in water temperatures (B. B. J0rgen-sen, Oikos, in press). After periods of very warm weather, the environment at the bottom often becomes anoxic, killing all but the anaerobic part of the fauna, thus providing excellent conditions for multiplication of C. botulinum.
These areas as foci for production of type E spores are found in all Danish fiord and bays, and similar conditions exist around the shore line of the entire Baltic Sea. Spores may be transported from there by water currents, fish, sea gulls, and other possible carriers to areas where little or no production of spores takes place. Thus, the main current from the Baltic, which runs along the Swedish coast to the west coast of Norway, may carry a considerable amount of spores. In agreement with this hypothesis, a number of surveys all show a gradual decrease of C. botulinum in fish and sediments as the outflow from the Baltic Sea passes through the sound and enters the North Sea (5, 10, 13) . Spores transported by water may also be responsible for sporadic positive findings on fishing banks of the North East Atlantic (4, 5, 13), but none of the main currents from areas with high incidences of type E pass the shores of Great Britain, the Faroe Islands, or Iceland. This may explain the very low incidence of type E in the latter areas.
In too low to permit multiplication of type E clostridia; however, it is well known that sea mammals may harbor the organism (7, 22, 24) . The cooling down period of dead or stranded whales, for instance, is long enough to permit growth of C. botulinum; great numbers of spores would be released into the environment upon decomposition of these animals. The cultural methods employed in our work were selected to give maximum numbers of positive samples and some indication of the quantitative aspects. In general, numbers of positive cultures varied considerably, dependent mainly on sample size. In contrast to the experience of others (1), we found that increased numbers of positives were obtained by using larger sample portions and that the incorporation of trypsin in the medium was of no value.
The demonstration of toxin production in cultures of negative soil samples seeded with as few as one spore per g of soil eliminated the possibility that an inhibitory factor or organism was present in these samples. 
